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ABSTRACT 
 
AN ANALYSIS OF CHILD HEALTH INDICATORS ACROSS 57 CITIES USING 2003-2013 
DEMOGRAPHIC AND HEALTH SURVEY DATA 
 
By 
 
VICTORIA LASALLE SANON 
 
May 7, 2018 
 
 
 
 
Introduction: As the proportion of the world’s population increasingly shifts to urban areas, the concern 
for urban health will progressively pose more of an imminent issue. Many cities lack the proper 
infrastructure to accommodate the rapid influx of people and are unequipped or unprepared to address 
the many public health concerns that have arisen. As the rate of urbanization continues to accelerate 
globally, it is imperative that its effects on child health are both analyzed and addressed. 
 
Aim: The aim of this study is to analyze urban child health conditions using seven priority health 
indicators for 57 cities around the world.  
 
Methods: A comparative study of child health indicators across 57 cities was conducted using 
Demographic and Health Survey (DHS) data between the years 2003-2013. Using standard DHS indicator 
definitions, various combinations of the 7-priority health indicators were used to develop four Urban 
Health Index (UHI) scores. The differences in urban child health conditions for each city are compared to 
one another and a UHI score is generated. UHI scores were used for linear regression analyses for gross 
national income (GNI) and Gini.   
 
Results: There are clear geographic disparities; the highest UHI scores indicating poorest child health 
conditions were generally in Africa and Southeast Asia. Within each WHO region, large gaps in UHI 
scores were observed. Values for UHI scores and GNI predictably had an inverse relationship. However, 
there are cities that have remarkably proven to be an exception with low UHI scores (indicating good 
health) and low GNI values. Similarly, within each city there are inequalities in the distribution of wealth. 
However, there is no indication of an association between country-level Gini and UHI score.  
Discussion: The variances within regions can be explained by a multitude of factors such as maternal 
education, political instability, inadequate levels of sanitation, or a lack of medical resources. Additional 
analyses are needed to examine how much of an impact these factors have on urban child health. Lastly, 
future studies should explore what factors are positively affecting child health in countries with low GNI 
and low UHI scores.    
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AN ANALYSIS OF CHILD HEALTH INDICATORS ACROSS 57 CITIES USING 2003-
2013 DEMOGRAPHIC AND HEALTH SURVEY DATA 
1. Introduction 
As the proportion of the world’s population increasingly shifts to urban areas, the concern 
for urban health will progressively pose more of an imminent issue. Over the past two centuries, 
the proportion of the world’s population that live in urban areas has increased from 
approximately 5 to >50% (Ezeh et al., 2016). This massive shift has many public health 
implications that still need to be assessed more fully.  Many cities lack the proper infrastructure 
to accommodate the rapid influx of people and are unequipped or unprepared to address the 
many public health concerns that have arisen. Low and middle-income nations are projected to 
see the most growth for urban populations in the coming decades. In fact, the urban population in 
developing countries is expected to increase from 1.9 to 3.9 billion by 2030, with Asia and 
Africa having the most urban dwellers (WHO, 2010).  A previous study reported that 
overcrowding, pollution, and poor sanitation can increase the risk of undernutrition and diarrheal 
disease in children (Rustein et. al, 2016). As the rate of urbanization continues to accelerate in 
developing nations, it is imperative that its effects on child health are both evaluated and 
addressed.  
When examining urban health, we must consider the multitude of factors that influence it. 
By living in an urban area, individuals are exposed to a myriad of potential health risks, 
including those associated with both chronic and infectious disease. In major cities, air pollution 
poses a substantial threat to human health and increases one’s risk of chronic diseases such as 
heart disease, lung cancer, and asthma (WHO, 2018).  Inadequate housing infrastructure, 
unimproved water sources, and poor waste disposal habits exacerbate the transmission of 
biological agents. In cities where residential areas are so densely populated, the water and 
sanitation infrastructure is oftentimes lacking, thus, increasing the risk of exposure to infectious 
disease. Larsen et al., (2017) report a decreased mortality risk of 15-23% for children living in a 
household with high-quality sanitation infrastructure in comparison to those lacking a toilet 
facility. Further, they report access to sanitation at the household level, reduces the odds of 
diarrhea and stunting in children. (Larsen et al., 2017). Findings from another study revealed that 
access to sanitation facilities at the community level reduces the odds of both mild to severe 
stunting and anemia in children (Fink et al., 2011).  
Researchers use child health indicators as a means to measure or scale child health. These 
indicators can cover different domains of child health such as mortality, nutrition, or vaccination. 
Previous studies have evaluated child health in urban areas using under-five mortality, child 
nutrition, immunization, diarrhea, fever, acute respiratory infections, and more (Mberu et al., 
2016) (Arokiasamy et al. 2012). Results from a study in Kenya found that all child morbidity and 
health service indicators were far worse for children living in slums in comparison to those in 
rural areas; they were more likely to have diarrhea, cough, were less likely to be vaccinated, and 
less likely to receive treatment (Mberu et al, 2016). The selection of indicators used by 
researchers varies for each study. However, the method of selection for these variables have been 
fairly consistent. Whether the analyses were for city-to-city comparisons or intra-urban 
comparisons, each study used standard indicator definitions, which allowed for the direct 
comparison of indicator values. The following is a brief list of key indicators used in various 
studies to evaluate child health: 
 Anemia: Anemia is the result of an iron deficiency. It is commonly associated 
with impaired cognitive function, motor development, and coordination (DHS, 
2018) 
 Cough: May indicate pneumonia, acute respiratory infection, or other illnesses 
(DHS, 2013)(Mayo Clinic, 2018) 
 Diarrhea: Diarrheal diseases are a leading cause of illness and death worldwide. It 
is often used as an indicator of an infection (DHS, 2018) 
 Fever: A strong indicator of bacterial or viral infection. It is typically 
accompanied by other symptoms. (Herlihy et al., 2016) 
 Mortality: The leading causes of under-five mortality globally are preventable, yet 
the statistics are alarming (United Nations, 2014) 
 Stunting: Stunting is a physical indicator of chronic malnutrition pre and post-
birth (Rahman, 2016) 
 Wasting: Wasting is a common indicator of malnutrition and is used as a strong 
predictor of child mortality (Briend et al., 2015) 
 Under-nutrition: A major factor contributing to child mortality is malnutrition, 
which weakens children and reduces their resistance to disease (WHO, 2000) 
 
Although substantial progress has been made in reducing under-five child mortality on a 
global scale, the current rates of child mortality are still staggering. In 2016, there were 
approximately 5.6 million child deaths under the age of five (WHO, 2016). Global estimates 
indicate that more than 50% of all under-five child deaths are attributable to diseases that can 
either be prevented or treated (WHO, 2000). Diarrhea and pneumonia remain two of the leading 
causes of child mortality. Undernutrition has proven to be another underlying cause of child 
deaths globally and is associated with diarrhea, pneumonia, and malaria. In fact, forty-five 
percent of all under-5 child deaths are associated with malnutrition (WHO, 2017). The research 
literature is replete with evidence documenting the effects of these indicators on child health. 
The results from a recent study indicate that  children who have suffered from a combination of 
malnutrition and recurrent diarrhea have an increased risk of stunted growth and long-term 
cognitive impairment (Ezeh et al., 2016). Further, the risk of mortality as a result of infectious 
disease is amplified for children that are undernourished and wasted (low weight-for-height) 
(Troeger et al., 2018).  
Urbanization has historically been correlated with economic growth. However, economic 
growth has also been accompanied by unequal distributions of wealth in these urban centers. 
Previous studies have explored the effects of intra-urban wealth disparities and assessed that the 
urban poor generally have worse living conditions and poorer health outcomes in comparison to 
their wealthier counterparts (Goli et al., 2013). There is a common perception that access to 
health services are far better for those who live in cities relative to those living in rural areas. 
However, recent studies have challenged this ideology by stating it does not account for intra-
urban inequalities (Goli et al., 2013)(Menon et al., 2000). Others have suggested that rural-urban 
comparisons shield intra-urban comparisons and that health factors are city-specific (Mberu et 
al., 2016)(Menon et al., 2000). Another study found similar results; Fink et al. explored child 
health using DHS data from 73 countries. In this study urban areas are divided into slum and 
non-slum areas. The results from this study revealed that when comparing health for children 
living in slums to those living in rural areas, children in slums have better outcomes. However, 
when examining intra-urban health, children living in slums have worse outcomes than children 
living in more affluent urban areas (Fink et al., 2014). Women and children are particularly 
vulnerable populations in urban areas and oftentimes more specifically affected by the 
disproportionate distribution of wealth. A recent study examined the trends in poverty and health 
status of children under-five living in cities within 26 low and middle-income countries using 
DHS data (Rustein et al., 2016).  The results from this study revealed that within a large 
metropolitan area, poor children are twice as likely to die before their first birthday in 
comparison to their wealthier counterparts. Similarly, the rates of stunting in children under the 
age of five were 10% higher for children in poor urban households in comparison to the non-
poor (Rustein et al., 2016). Another study conducted in India compared the health of urban 
children based on socioeconomic status using data from a National Family Health Survey 
(Arokiasamy et al. 2012). In this study, child health was assessed using the following indicators: 
immunization, stunting, and underweight (weight-for-age). The results from this study found that 
within urban areas, the absence of full immunization and the prevalence of stunting and 
underweight children are far greater in households of low socioeconomic status (Arokiasamy et 
al. 2012). Similarly, Petrou et al.(2010) found that an increase in wealth by 10% is associated 
with an average reduction in the risk of stunting and wasting for children.  
In this paper, urban child health is quantified and compared across 57 cities using seven 
health indicators. This association is explored city-to-city and region-to-region, thus, allowing 
for the observation of geographical trends and inferences about health equity. From a broader 
perspective, this study will illustrate the variances in child health conditions across regions, 
explore the determinants of urban health inequalities, and provide insight into how a nation’s 
GNI and the unequal distribution of wealth in a city influence child health outcomes.  
2. Methodology 
I. Data Sources 
The datasets used for each of the countries included in this study were made available 
after requesting permission from the Demographic and Health Surveys (DHS) between the years 
2003 to 2013 via the DHS website. If multiple datasets were available for one country, the most 
recent dataset available for each country was used for analysis. The DHS surveys provide a range 
of surveillance and evaluation data that are nationally representative of the population, health, 
and nutrition. Country-level data on gross national income and the Gini index were obtained 
from the World Bank. 
II. Selection of City Sample 
Within each DHS country-file, household recode (HR), and child recode (KR) datasets 
for each country were used for sampling. Samples only included data for children aged 5 and 
younger. Given our focus on urban child health, the capital city and target urban area were 
identified for each country. Using the data dictionary for each country file, the capital city, or 
target urban area, of each country was determined using specific variables or a combination of 
variables. The variables used to subset the target cities from each country’s dataset include the 
following: region of residence (a geographic region specific to the country), the type of place of 
residence (urban or rural), sampling strata variables, and identification of place of residence 
(capital city, small city, town, or countryside). Table 1 provides a summary of the variables used 
to isolate and subset the data for each target urban area included in this study.  
 
Table 1: Description of country, year of survey and sample size for cities identified in DHS data 
from 2003-2013 Country 
  
Country Year  Country 
Code  
Selected City  Household 
Sample Size  
Children 
Sample Size  
Variables Used to 
Identify City 
Sample  
Albania  2008  AL  Tirana  1366  177  V024=4 & V025=1  
Armenia  2010  AM  Yerevan  1149  176  V024=11 & 
V025=1  
Azerbaijan  2006  AZ  Baku  1166  201  V024=1 & V025=1  
Bangladesh  2011  BD  Dhaka  1322  177  v024=3 & v025=1  
& V023=3  
Country Year  Country 
Code  
Selected City  Household 
Sample Size  
Children 
Sample Size  
Variables Used to 
Identify City 
Sample  
Benin  2011-12  BJ  Cotonou  1913  861  V024=8 & V025=1  
Bolivia  2008  BO  La Paz  2513  694  v024=2 & v025=1  
Burkina Faso  2010  BF  Ouagadougou  939  480  V024=3 & V025=1  
Burundi  2010  BU  Bujumbura  912  563  V024=1 & V025=1  
Cambodia  2010  KH  Phnom Penh  799  302  v024=8 & v025=1  
Cameroon  2011  CM  Yaounde  1156  573  V026=1 & V025=1 
& V024=12  
Chad  2004  TD  N’Djamena  1169  900  V024=9 & V025=1  
Colombia  2010  CO  Bogota  3604  781  v024=5 & v025=1  
Comoros  2012  KM  Moroni  770  276  V023=7 & V025=1  
Congo (Brazzaville)  2011-12  CG  Brazzaville  1173  580  V024=11 & 
V025=1  
Congo Democratic 
Republic  
2013  CD  Kinshasa  1214  806  V024=1 & V025=1  
Cote d’Ivoire  2011-12  CI  Abidjan  1137  515  V024=11& 
V025=1  
Dominican Republic  2013  DR  Santo Domingo  434  103  sprovin=1  
Ethiopia  2011  ET  Addis Ababa  1524  315  V024=14 & 
V025=1  
Gabon  2012  GA  Libreville  1562  650  V024=1 & V025=1  
Ghana  2008  GH  Accra  1481  189  V024=3 & V025=1  
Guinea  2012  GN  Conakry  1010  609  V024=2 &V025=1  
& V026=0  
Guyana  2009  GY  Georgetown  598  116  V024=4 & V026=0  
& V025=1  
Haiti  2012  HT  Port-au-Prince  1761  665  v026=0  
Honduras  2011-12  HN  Tegucigalpa  1276  335  hv022=16  
India  2005  IA  New Delhi  3109  935  v024=7& v025=1  
& V026=0  
India  2005  IA  Kolkata  2337  503  v024=19 & 
v025=1  
& V026=0  
India  2005  IA  Mumbai  4928  1287  v024=27 & 
v025=1  
& V026=0  
Indonesia  2012  ID  Jakarta  2118  614  v024==31 & 
v025==1  
Jordan  2012  JO  Amman  1553  661  V023=11 & 
V025=1  
Kenya  2008-09  KE  Nairobi  1108  322  V024=1 & V025=1  
& V026=0  
Kyrgyz Republic  2012  KY  Bishkek  918  268  V024=8 & V025=1  
Kyrgyz Republic  2012  KY  Osh  737  198  V024=9 & V025=1  
Liberia  2013  LB  Monrovia  1062  512  hv023=21  
Madagascar  2008  MD  Antananarivo  1507  547  V024=11 & 
V025=1  
Malawi  2010  MW  Lilongwe  432  243  v026==0  
Maldives  2009  MV  Male  944  371  V024=1  
Country Year  Country 
Code  
Selected City  Household 
Sample Size  
Children 
Sample Size  
Variables Used to 
Identify City 
Sample  
Mali  2012-13  ML  Bamako  1579  1178  V024=9 & V025=1  
Moldova  2005  MB  Chisinau  2922  285  V024=4 & V025=1  
Morocco  2003-
2004  
MA  Casablanca  1290  370  V024=9 & V025=1  
& v026=0  
Mozambique  2011  MZ  Maputo  1297  679  V024=11 & 
V025=1  
Namibia  2013  NM  Windhoek  888  305  V024=6 & V025=1  
Nepal  2011  NP  Kathmandu  509  110  V023=5 & V025=1  
Niger  2012  NI  Niamey  1135  799  V024=8 & V025=1  
& V026=0  
Nigeria  2013  NG  Lagos  1729  753  HV022=71 & 
v025=1  
 
Pakistan  2012  PK  Karachi  1290  620  v024=2 & v025=1  
& V026=0  
Pakistan  2012  PK  Islamabad  828  361  v024=6 & v025=1  
& V026=0  
Peru  2012  PE  Lima  2179  492  v024=15 & 
v025=1  
& V026=0  
Philippines  2013  PH  Manila  1683  638  v024=1 & v025=1  
Rwanda  2010  RW  Kigali  1269  648  V024=1 & V025=1  
Sao Tome and 
Principe  
2008-
2009  
ST  Sao Tome  699  301  V024 =1 & V025=1  
Senegal  2012-13  SN  Dakar  395  749  V024=1 & V025=1  
Sierra Leone  2013  SL  Freetown  1584  892  V024=4 & V025=1  
Swaziland  2006-
2007  
SZ  Mbabane  426  127  V024=1 & V026=0  
& V025=1  
Tajikistan  2012  TJ  Dushanbe  1422  1733  x  V024=1 & V025=1  
 
2012  TJ  Dushanbe  14 2  17 3  x  V024=1 & V025=1  
 
TJ  Dushanbe  1422   V024=1 &
V025=1  
 
Tanzania  2010  TZ  Dar es Salaam  352  158  V024=7 & V025=1  
& V026=0  
Timor-Leste  2009-10  TL  Dili  880  580  v024=6 & v025=1  
Uganda  2011  UG  Kampala  1062  474  V024=1 & V025=1  
Ukraine  2007  UA  Kyiv  728  55  V024=1 & V026=0  
Zambia  2007  ZM  Lusaka  527  302  V024=5 & V026=0  
& V025 = 1  
Zimbabwe  2010-11  ZW  Harare  1121  445  V024=9 & V025=1  
 
 
III. Indicators Selected 
To examine the trends in health outcomes for children living in urban areas, this study focused on 
seven child health indicators from the Demographic and Health Survey (DHS). The seven 
indicators include anemia, diarrhea, fever, cough, stunting, nutritional deficiency, and wasting. 
Shown in table 2 below are details for each indicator, the rationale for its definition, how it was 
calculated, and how the survey responses were coded for the analysis.  
Table 2: Indicators and Definitions  
Indicator Source/Rationale for definition Numerator  Denominator Code 
HW57- Anemia Levels 
(Anemia) 
Anemia levels below 7.0 g/dl are considered as 
severe anemia, levels between 7.1g/dl and 9.9g/dl 
are considered as moderate anemia and cases 
between 10.0 g/dl and 10.9 g/dl are considered as 
mild anemia. 
Number of children 
aged 0-5 that meet the 
criteria for moderate or 
severe anemia 
Total number of 
children aged 0-5 
that were tested 
Anemia level Code:  
1=Severe  
2=Moderate  
3=Mild  
4=Not anemic 
9=Missing  
Blank=Not applicable 
H11- Whether the child 
had diarrhea in the last 
24 hours or within the 
last two weeks 
(Diarrhea) 
BASE: All living children born in the last three to 
five years for H11, and children having an episode 
of diarrhea in the last two weeks 
 
Code 1 is country specific for surveys after DHS II. 
Code 1 indicates that the child had been ill in the 
last 24 hours; code 2 indicates that the child had 
been ill with diarrhea in the last two weeks. 
In case the question about diarrhea in the last 24 
hours is used, the code 1 can be used, in this case 
the code 2 is used to indicate that the child had 
diarrhea the last two weeks but not in the last 24 
hours otherwise the code 2 is for the last 2 weeks 
including the last 24 hours. 
 
Number of children that 
had diarrhea in the last 
24 hours or within the 
last two weeks 
Total number of 
children measured 
Had diarrhea recently 
Code:  
0=No  
1=Yes, last 24 hours  
2=Yes, last two weeks  
8=Don't know 
9=Missing 
Blank=Not applicable 
H22- Whether the child 
had fever in the last two 
weeks (Fever) 
BASE: All living children born in the last three to 
five years for H22, and children suffering from 
fever in the last two weeks 
 
 
Number of children that 
had fever in last two 
weeks 
Total number of 
children measured 
Had fever in last two 
weeks Code:  
0= No 
1=Yes 
8=Don't know  
9=Missing 
Blank= Not applicable 
H31- Whether the child 
had suffered from a 
cough in the last two 
weeks and whether the 
child had been ill with 
the cough in the last 24 
hours  (Cough) 
BASE: All living children born in the last three to 
five years for H31, and children suffering from 
cough in the last two weeks for H32 to H38 (H31 = 
1 or H31 = 2). 
 
Code 1 indicates that the child had been ill in the 
last 24 hours; code 2 indicates that the child had 
been ill with the cough in the last two weeks. Code 
1 is country specific for surveys after DHS II. In case 
code 1 is used, code 2 indicates that the child had 
cough in last two weeks but not in the last 24 
hours. 
Number of children that 
suffered from a cough in 
the last two weeks or 
had been ill with the 
cough in the last 24 
hours 
Total number of 
children measured 
 
Had cough in last two 
weeks Code: 
0=No  
1=Yes, last 24 hours  
2=Yes, last two weeks  
8=Don't know 
9=Missing  
Blank=Not applicable 
HW70- Height for age 
standard deviation 
(according to WHO) 
(Stunting) 
Prevalence of stunting among children aged <5 
years (%): The percentage of stunting (defined as 
more than two standard deviations below the 
median height-for-age of the WHO Child Growth 
Standards) among children aged five years or 
younger. 
 
The measures were calculated using the new Child 
Growth Standards released by the World Health 
Organization on April 27 2006. The new Standards 
are the result of an intensive study initiated by 
WHO in 1997 to develop a new international 
standard for assessing the physical growth 
nutritional status and motor development in all 
children from birth to age five. 
Number of children 
aged 0-5 years that fall 
below minus two 
standard deviations 
from the median height-
for-age of the WHO 
Child Growth Standards 
Total number of 
children aged 0-5 
years that were 
measured 
The measures are 
presented with two 
implied decimal places 
(no decimal points are 
included in the data 
file). To produce the 
actual measure, divide 
the variable by 100. If 
either the weight or 
the height of the child 
is missing then all of 
the above measures 
are set to the missing 
code 9999 or 99999. If 
either the height or 
the weight is outside 
of the acceptable 
range for the 
calculation of these 
measures then all of 
HW71- Weight for age 
standard deviation 
(according to WHO) 
(Nutritional Deficiency) 
Under-5 moderate and severe nutritional 
deficiency is defined as any weight-for-age (W/A) 
ratio less than minus two standard deviations (-
2SD) from the reference median. 
 
Number of children 
aged 0-5 that fall below 
minus two standard 
deviations for (W/A) 
ratio 
Total number of 
children aged 0-5 
that were tested 
The measures were calculated using the new Child 
Growth Standards released by the World Health 
Organization on April 27 2006. The new Standards 
are the result of an intensive study initiated by 
WHO in 1997 to develop a new international 
standard for assessing the physical growth 
nutritional status and motor development in all 
children from birth to age five. 
the above measures 
are set to code 9998 
or 99998.  
 
HW72- Weight for 
height standard 
deviations (according to 
WHO) (Wasting) 
Prevalence of wasting among children aged <5 
years (%): Weight-for-height less than -2 standard 
deviations of the WHO Child Growth Standards 
median  
 
The measures were calculated using the new Child 
Growth Standards released by the World Health 
Organization on April 27 2006. The new Standards 
are the result of an intensive study initiated by 
WHO in 1997 to develop a new international 
standard for assessing the physical growth 
nutritional status and motor development in all 
children from birth to age five. 
Number of children 
aged 0-5 that fall below 
minus two standard 
deviations below the 
median weight-for-
height of the WHO Child 
Growth Standards 
Total number of 
children aged 0-5 
that were measured 
IV. Coding  
All coding and further analyses were conducted using SAS 9.4. After extracting the city-level 
data from each country’s initial dataset, the variables for the priority indicators were subset for 
each city. The method in which each variable is coded is detailed in Table 2. Survey responses 
were then grouped and recoded to determine the frequency of each health outcome. For anemia, 
responses of “severe” or “moderate” were grouped and coded as “1”. Responses of “mild” or 
“not anemic” were coded as “2”.  The grouping for the indicators diarrhea, cough, and fever are 
as follows: the responses of “yes” were coded as “1” and “no” as “2”.  According to the WHO 
standards, the responses or the variables stunting, nutritional deficiency, and wasting were to be 
divided by 100 to produce the actual standard deviation. After doing so, responses with a 
standard deviation less than or equal to -2 were coded as “1” and responses with a standard 
deviation greater than or equal to -1.999 were coded as “0’.  If the survey response for any 
variable is listed as “don’t know” or “missing”, it was coded as “0” and excluded from the 
analysis. The percentage of children that meet the criteria for each child health outcome 
examined in this study (denoted by a code of “1”) are listed for each city in Table 3.  
Table 3: City-level Child Health Outcome Frequencies as % of responses 
Country City Anemia Diarrhea Fever Cough Stunting 
Nutritional 
Deficiency 
Wasting 
Armenia Yerevan   12.20 20.00 28.78 12.30 2.14 2.67 
Azerbaijan Baku 20.77 10.50 9.66 8.82 17.18 2.64 3.52 
Bangladesh Dhaka 1.43 2.88 17.62 25.24 35.29 20.32 13.90 
Benin Cotonou 21.84 8.62 14.76 16.91 40.96 15.87 11.25 
Bolivia La Paz 48.54 18.66   26.07 21.54 3.00 0.26 
Burkina Faso Ouagadougou 46.33 18.71 20.61 21.86 16.46 18.93 16.46 
Burundi Bujumbura   12.20 20.00 28.78 12.30 2.14 2.67 
Cambodia Phnom Penh 14.94 11.71 25.71 22.03 23.03 16.97 10.30 
Cameroon Yaounde 23.19 20.71 28.13 57.85 11.00 2.00 2.00 
Chad N’Djamena    28.99 29.70 20.81 28.52 27.95 15.90 
Colombia Bogota   9.04 20.53 36.06 16.65 3.17 0.59 
Comoros Moroni   12.27 24.69 17.76 31.60 11.26 13.85 
Congo 
(Brazaville) 
Brazzaville 30.53 21.08 25.26 26.83 16.17 5.94 4.62 
Congo 
Democratic 
Republic 
Kinshasa 29.40 18.29 19.87 27.14 14.22 4.50 3.79 
Cote d'Ivoire Abidjan 39.81 20.70 27.35 29.20 18.78 10.04 7.42 
Dominican 
Republic 
Santo 
Domingo   
20.66 25.00 27.50 7.41 2.78 1.85 
Ethiopia Addis Ababa 16.93 9.63 12.33 10.93 21.98 6.50 4.02 
Gabon Libreville 27.12 14.80 24.17 40.34 10.75 5.04 3.51 
Ghana Accra 29.31 12.88 12.50 20.26 12.37 6.99 5.91 
Guinea Conakry 38.46 20.06 22.49 20.11 15.07 10.27 8.22 
Guyana Georgetown 16.67 4.93 11.27 14.08 11.32 6.60 5.66 
Haiti 
Port-au-
Prince 
37.73 25.03 22.56 57.79 15.87 6.80 4.03 
Honduras Tegucigalpa 9.09 14.88 23.36 34.97 13.51 4.42 1.30 
India (New 
Delhi) 
Delhi 34.83 8.05 10.71 14.47 44.16 29.74 15.78 
India 
(Kolkata) 
Kolkata 19.31 5.00 13.62 19.83 28.80 22.52 15.82 
India 
(Mumbai) 
Mumbai 31.56 7.20 13.89 18.42 40.50 33.39 16.31 
Indonesia Jakarta   13.70 28.59 38.37       
Jordan Amman 10.22 15.66 18.66 19.90 8.05 3.81 2.97 
Kenya Nairobi   9.66 15.03 18.96 30.06 9.82 4.60 
Kyrgyz 
Republic 
(Bishkek) 
Bishkek 19.85 1.49 3.87 7.14 18.57 2.14 3.21 
Kyrgyz 
Republic 
(Osh) 
Osh 11.71 3.19 4.37 5.16 31.71 12.60 6.50 
Liberia Monrovia   20.78 29.61 24.37 25.19 10.31 6.49 
Madagascar Antananarivo 16.59 12.95 16.40 25.39 44.07     
Malawi Lilongwe 41.27 26.67 38.52 37.04 36.99 12.33 4.11 
Maldives Male   3.49 29.01 34.98 15.41 10.38 7.23 
Mali Bamako 39.89 12.54 8.14 12.19 21.20 18.36 12.02 
Moldova Chisinau 6.49 13.09 24.17 23.82 6.43 2.50 3.93 
Morocco Casablanca   7.98 26.50 42.44 8.75 5.00 7.75 
Mozambique Maputo 27.74 9.91 10.05 17.11 23.15 5.98 2.52 
Namibia Windhoek 22.47 19.50 28.96 32.93 10.87 8.70 6.52 
Nepal Kathmandu 4.65 13.33 17.50 32.50 25.49 5.88 7.84 
Niger Niamey 58.76 24.02 22.95 30.21 19.89 13.44 9.41 
Nigeria Lagos   7.42 9.47 14.89 15.81 12.17 11.67 
Pakistan 
(Karachi) 
Karachi 
  
21.13 32.11 37.38 39.71 25.98 9.80 
Pakistan 
(Islamabad) 
Islamabad 
  
21.32 41.08 31.78 20.47 10.24 8.66 
Peru Lima 7.14 11.66 21.84 41.38 4.47 1.55 0.86 
Philippines Manila   6.41 18.74 21.99       
Rwanda Kigali 15.26 11.21 18.72 28.61 22.71 5.54 3.88 
Sao Tome 
and Principe 
Sao Tome 32.97 13.87 18.55 26.74 30.24 14.43 9.28 
Senegal  Dakar 48.42 27.57 37.15 30.95 17.86 8.67 6.12 
Sierra Leone Freetown 38.95 10.63 24.76 24.18 27.69 9.54 10.46 
Swaziland Mbabane 28.38 8.13 16.54 17.32 25.26 4.21 4.21 
Tajikistan Dushanbe   17.97 11.55 10.26 18.85 9.00 9.99 
Tanzania Dar es Salaam 40.31 17.58 36.31 38.92 20.71 12.14 7.14 
Timor-Leste Dili 9.04 20.84 25.69 27.19 44.06 29.72 14.34 
Uganda Kampala 22.30 24.91 26.27 47.27 15.76 7.27 4.85 
Zambia Lusaka   15.36 11.53 29.50 39.52 9.97 4.47 
Zimbabwe Harare 26.07 15.54 7.60 18.80 27.97 7.39 2.90 
 
*Cells remain blank for countries where data for an indicator were not available in the DHS dataset 
V. Method Used to Calculate UHI 
 Using different combinations of the 7 priority indicators, four Urban Health Index (UHI) 
scores were generated using the WHO Urban Health Index Calculation tool. Four UHI scores 
were calculated in this study based on four different combinations of the seven priority 
indicators. As shown in table 4, each index was comprised of a distinct combination of child 
health outcomes.  The UHI was calculated by copying the child health outcome frequencies 
(Table 3) into the WHO UHI calculation tool. In the spreadsheet, the rows depicted the 
geographical location and the columns were filled with the indicator values. The program 
removed data for any location that was missing values for at least one of the indicators included 
in UHI calculation. The remaining data was then transferred to a new spreadsheet which was 
used for the analysis. The calculation comprised of two steps: the standardization of indicators 
and combining the standardized indicators. The WHO Urban Health Index Calculation tool also 
calculated the error variance of the UHI, provided summary statistics for the UHI, and generated 
a correlation matrix.  
Table 4: UHI and Indicator Combinations 
Urban Health Index  Indicators 
UHI-7 Anemia, Diarrhea, Fever, Cough, Stunting, Nutritional Deficiency, and 
Stunting 
UHI-6 Diarrhea, Fever, Cough, Stunting, Nutritional Deficiency, and Stunting 
UHI-3 Diarrhea, Fever, Cough 
UHI-3.2 Stunting, Nutritional Deficiency, and Stunting 
 
 
 
 
3. Results 
 
A UHI score was generated for each city according to the combination of child health 
indicators used in each calculation (Table 4), and then each city was ranked accordingly. A 
higher UHI score indicates a more negative health outcome as it serves as an indicators of poor 
health indicators for the children. . Inversely, a ranking of 1 indicates the best child health 
outcomes. When generating the UHI scores, any country that lacked data for one of the variables 
included in the UHI calculation was excluded from the analysis. There was a total of 56 
countries and 60 cities included in the initial dataset. However, the data for Albania and Ukraine 
lacked information for all of the child health indicators used in this study and were consequently 
excluded from the analysis. A total of 54 countries and 58 cities are included in the final 
analysis. In the initial UHI calculation, all seven child health indicators were used to develop an 
urban health index score (UHI-7) with a total of 39 cities included. The lowest average UHI 
score is observed in UHI-7, which includes 39 cities in the analysis with a mean of 0.342 (SD= 
0.151). For each UHI index, the UHI health disparities gradient was calculated. This identifies 
the extreme values for the bottom and top 10%, which reflect the most positive and the most 
negative outcomes. In UHI-7, values for the 10th percentile (best outcomes) and 90th percentile 
(poor outcomes) are 0.162 and 0.540 (range= 0.037- 0587).  As shown in Figure 1-4, Africa has 
the highest UHI scores across all indexes indicating the poorest child health overall. Within each 
region, there are clear health disparities, however, of all the WHO regions, the European region 
consistently has the best child health outcomes.  
Due to a large number of countries lacking data for children’s anemia, a second urban 
health index score was generated excluding the anemia indicator (UHI-6). A total of 54 cities 
were included in this calculation, and the following countries were excluded: Bolivia, 
Madagascar, Indonesia, and the Philippines. UHI-6 had a mean score of 0.344 (SD=.156). The 
range of scores in UHI-6 is fairly large, which indicates large health disparities among the cities 
(range= 0.026- 0.714). This is illustrated in Figure 2, where the differences in UHI score vary 
significantly between the cities intra-regionally and globally across each WHO region. As shown 
in Figure 6, the cities with the highest UHI scores, and worse health outcomes are located in the 
Western Pacific, Southeast Asia, the Eastern Mediterranean, and Africa. The lowest UHI values 
are observed in the Americas and Europe. Within each region, there are distinct health 
disparities, and in regions with high UHI scores, some cities such as the capitals of Peru, Kyrgyz 
Republic, Moldova, and Burundi manage to have more positive child health outcomes.  
The third urban health score (UHI-3) only includes three child health indicators: diarrhea, 
fever, and cough. This combination of variables yielded results with the greatest number of 
countries included in the calculation. A total of 57 cities were included; Bolivia was the only 
country excluded from the calculation. UHI-3 also had the highest mean score of .421 (SD= 
.195). There is a large gap in the range of values for UHI-3 (.006-.802) which is reflected in the 
UHI health disparities gap between the bottom (10th percentile = 0.162) and top (90th percentile= 
0.702) ten percent. The distribution of these values is depicted in Figure 3, where the lowest 
values, and best health outcomes, are in Europe and the Western Pacific. Twenty-three out of the 
31 cities (>70%) in Africa have a UHI-3 score greater than 0.30. Similarly, most cities in the 
Americas and the Eastern Mediterranean have elevated UHI values (>.3).  
Lastly, the final urban health index score (UHI-3.2) includes the variables stunting, 
nutritional deficiency, and wasting. A total of 55 cities were included in this calculation, and the 
following countries were excluded: Indonesia, Madagascar, and the Philippines. UHI-3.2 had a 
mean score of 0.350 ( SD=.241). Of all four urban health indexes, the largest gap in health 
disparities is observed in UHI-3.2 with a range of .006-.965. This massive gap can be observed 
across the WHO regions in Figure 4. The largest health disparities are observed in Africa, where 
the range of values is between .067 - .786. The 10th percentile and 90th percentile have values of 
0.078 and .729, respectively. The Eastern Mediterranean and African regions display large health 
inequalities between their cities. The region with the highest average UHI-3.2 score is Southeast 
Asia. The best child health outcomes, lowest scores, are observed in the Americas.  
As displayed above in Table 5, the strongest correlation in Urban Health index scores is 
between UHI-7 and UHI-6 (r =0.949). This is to be expected given the only difference between 
the two analyses is the absence of the indicator anemia in UHI-6. When comparing UHI-3 and 
UHI-3.2, we observe a negative correlation (-0.215). Contrary to what one may expect, the 
results indicated a negative association between the three indicators diarrhea, fever, and cough in 
relation to stunting, nutritional deficiency, and wasting. 
Within each WHO region, large gaps in UHI scores are observed. The geographic 
disparities are evident; of the 58 cities included in this study, the highest UHI scores are 
generally in Africa and Southeast Asia (Figures 1-4). These regions are trailed by cities in the 
Americas and the Eastern Mediterranean which have the most positive child health outcomes. 
Correspondingly, the cities in regions with poor UHI scores, on average, have GNI’s lower than 
5,000 per capita (Figure 7). In Figures 7 and 8, the relationship between UHI and GNI as well as 
UHI and Gini are explored respectively. As one might expect, there is a clear association 
between GNI and UHI scores. Lower values for GNI are generally associated with higher UHI 
scores. There are exceptions to this and some cities with a relatively low GNI still manage to 
have low UHI scores such as Bishkek, Osh, and Burundi. Furthermore, there are some countries 
with a GNI greater than 5,000 per capita with UHI scores that are higher than that of cities with a 
GNI less than 5,000. Based on the findings depicted in Figure 7, there is no clear association 
between country-level Gini and UHI scores. Most of the values fall between .3 and .6 on the Gini 
index and the UHI scores show little variation between the Gini values. 
Table 5: Comparison of UHI score and rank for various indicator combinations 
Country City UHI-7 
Score (39 
cities) All 
Variables 
UHI-7 
Rank All 
Variables 
UHI-6 
Score (54 
cities) 
UHI-6 
Rank w/o  
Anemia 
UHI-3 
Score (57 
cities) 
UHI-3 Rank 
(Diarrhea, 
Fever, 
Cough) 
UHI-3.2 
Score (55 
cities) 
UHI-3.2 Rank 
(Stunting, 
ND, Wasting) 
Armenia Yerevan   0.19 8 0.42 30 0.09 7 
Azerbaijan Baku 0.16 5 0.14 5 0.15 3 0.13 12 
Bangladesh Dhaka 0.19 6 0.38 31 0.20 7 0.73 49 
Benin Cotonou 0.41 24 0.41 36 0.26 15 0.66 48 
Bolivia La Paz       0.04 2 
Burkina Faso Ouagadougou 0.54 35 0.50 47 0.45 34 0.55 46 
Burundi Bujumbura   0.19 8 0.42 30 0.09 7 
Cambodia Phnom Penh 0.43 27 0.46 43 0.41 27 0.52 43 
Cameroon Yaounde 0.24 11 0.22 13 0.77 56 0.07 3 
Chad N’Djamena   0.68 52 0.59 48 0.79 52 
Colombia Bogota   0.12 4 0.42 28 0.07 5 
Comoros Moroni   0.46 41 0.38 22 0.56 47 
Congo (Brazaville) Brazzaville 0.37 21 0.35 28 0.55 41 0.22 19 
Congo Democratic 
Republic 
Kinshasa 0.31 18 0.28 20 0.48 37 0.17 14 
Cote d'Ivoire Abidjan 0.48 31 0.45 40 0.59 47 0.35 31 
Dominican 
Republic 
Santo Domingo   0.19 10 0.55 40 0.07 4 
Ethiopia Addis Ababa 0.23 10 0.22 14 0.20 8 0.25 25 
Gabon Libreville 0.31 19 0.29 22 0.56 43 0.15 13 
Ghana Accra 0.29 15 0.26 18 0.30 19 0.23 21 
Guinea Conakry 0.42 26 0.39 33 0.46 35 0.33 30 
Guyana Georgetown 0.20 8 0.18 7 0.16 4 0.21 16 
Haiti Port-au-Prince 0.44 28 0.41 35 0.76 55 0.22 20 
Honduras Tegucigalpa 0.20 9 0.23 15 0.53 39 0.11 11 
India (New Delhi) Delhi 0.46 29 0.43 39 0.20 9 0.95 54 
India (Kolkata) Kolkata 0.39 23 0.39 34 0.21 10 0.73 50 
India (Mumbai) Mumbai 0.50 33 0.48 46 0.24 14 0.97 55 
Indonesia Jakarta     0.57 45   
Jordan Amman 0.19 7 0.20 11 0.39 24 0.10 9 
Kenya Nairobi   0.32 26 0.29 18 0.36 32 
Kyrgyz Republic 
(Bishkek) 
Bishkek 0.04 1 0.03 1 0.01 1 0.11 10 
Kyrgyz Republic 
(Osh) 
Osh 0.09 3 0.08 3 0.01 2 0.45 41 
Liberia Monrovia   0.46 42 0.56 44 0.38 34 
Madagascar Antananarivo     0.38 23   
Malawi Lilongwe 0.59 39 0.56 51 0.80 57 0.41 38 
Maldives Male   0.31 25 0.31 20 0.32 28 
Mali Bamako 0.36 20 0.32 27 0.19 6 0.55 45 
Moldova Chisinau 0.16 4 0.18 6 0.43 32 0.07 6 
Morocco Casablanca   0.29 21 0.47 36 0.18 15 
Mozambique Maputo 0.24 12 0.21 12 0.23 11 0.21 17 
Namibia Windhoek 0.39 22 0.38 32 0.62 49 0.24 23 
Nepal Kathmandu 0.29 16 0.37 29 0.44 33 0.33 29 
Niger Niamey 0.56 37 0.50 48 0.59 46 0.44 40 
Nigeria Lagos   0.27 19 0.18 5 0.41 39 
Pakistan (Karachi) Karachi   0.71 53 0.69 51 0.74 51 
Pakistan 
(Islamabad) 
Islamabad   0.52 50 0.71 52 0.39 35 
Peru Lima 0.04 2 0.05 2 0.50 38 0.01 1 
Philippines Manila     0.29 17   
Rwanda Kigali 0.30 17 0.30 24 0.40 25 0.24 22 
Sao Tome and 
Principe 
Sao Tome 0.49 32 0.47 44 0.42 29 0.53 44 
Senegal  Dakar 0.52 34 0.47 45 0.75 54 0.30 27 
Sierra Leone Freetown 0.46 30 0.43 38 0.41 26 0.45 42 
Swaziland Mbabane 0.27 14 0.24 16 0.27 16 0.22 18 
Tajikistan Dushanbe   0.29 23 0.23 12 0.37 33 
Tanzania Dar es Salaam 0.54 36 0.51 49 0.69 50 0.39 36 
Timor-Leste Dili 0.57 38 0.71 54 0.56 42 0.92 53 
Uganda Kampala 0.42 25 0.42 37 0.74 53 0.25 24 
Zamibia Lusaka   0.38 30 0.36 21 0.39 37 
Zimbabwe Harare 0.27 13 0.25 17 0.24 13 0.26 26 
 
Table 6: UHI Summary Statistics 
  UHI-7 UHI-6 UHI-3 UHI-3.2 
Mean 0.342 0.344 0.421 0.350 
Standard Deviation 0.151 0.156 0.195 0.241 
Minimum 0.037 0.026 0.006 0.006 
10th Percentile 0.162 0.178 0.192 0.078 
Median 0.360 0.333 0.419 0.322 
90th percentile 0.540 0.512 0.702 0.729 
Maximum 0.587 0.714 0.802 0.965 
*Summary statistics for each combination of the Urban Health Index was generated and is displayed above Table 6.    
 
Table 7: Pearson correlation coefficients* comparing UHI versions comprised of different combination of indicators 
UHI Correlation Matrix 
UHI-7 Score (39 cities) 
All Variables 
UHI-6 Score 
(54 cities) 
UHI-3 Score 
(57 cities) 
UHI-3.2 Score 
(55 cities) 
UHI-7 Score (39 cities) 
All Variables 1.000 0.949 0.526 0.567 
UHI-6 Score (54 cities) 0.949 1.000 0.499 0.664 
UHI-3 Score (57 cities) 0.526 0.499 1.000 -0.215 
UHI-3.2 Score (55 cities) 0.567 0.664 -0.215 1.000 
*The association between each of the different UHI versions. UHI-7 and UHI-6 have a positive correlation and share the strongest association. A 
negative correlation is observed between UHI-3 and UHI-3.2
Each variation of the Urban Health Index is graphically depicted below. The graphs display the UHI scores for each variation by region in Figures 
1-4.  The WHO regions are color-coded as follows: Red=Africa, Blue=Americas, Green=Eastern Mediterranean, Purple=Europe, Orange=South 
East Asia, Yellow=Western Pacific 
 
Figure 1: 
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Figure 4: 
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Figure 5: UHI-6 Averages Across WHO Regions 
 
 
*UHI-6 was used because out of all variations of the Urban Health Index; it includes the greatest number 
of both variables and indicators 
 
Figure 6: UHI-6 Compared to Country Level Gini Index 
 
*UHI-6 was used because out of all variations of the Urban Health Index, it includes the greatest number 
of both variables and indicators. In the figure above, each city’s UHI score is compared to its respective 
country’s Gini Index. 
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 Figure 7: UHI-6 Compared to GNI 
 
*UHI-6 was used because out of all variations of the Urban Health Index, it includes the greatest number of both variables and indicators. In the 
figure above, each city’s UHI score is compared to its respective country’s gross national income (GNI).  
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4. Discussion  
This study allowed us to examine regional trends and begin to identify important outliers 
to these trends so that we may better understand how to approach child health in urban areas 
across the globe. Based on our analyses, overall, the highest UHI scores indicating the poorest 
child health outcomes were generally observed in the regions, Africa, the Eastern Mediterranean, 
and Southeast Asia. In UHI-6, the Western Pacific and Southeast Asia regions had the highest 
UHI scores. However, only one city in the Western Pacific region is included in the UHI-6 
analysis. Therefore, the results may not accurately depict urban health conditions for the entire 
region. Conversely, Europe and the Americas displayed the lowest overall UHI scores, which 
corresponds with the best health outcomes. These results are typically what one would expect 
when you factor in GNI and the availability of resources in these regions. Within Africa, most 
GNI values fell below 6000 per capita. Despite this low value, there is a large range of values for 
UHI scores. While GNI and Gini may influence these results, it is unlikely that these are the 
primary causes. There is no indication of an association between country-level Gini and UHI 
score (Figure 6). This may have occurred because the country-level Gini may not reflect wealth 
inequalities at the city-level.  
The disparities that we see across regions and within regions may not be directly 
explained by GNI or Gini because there are a multitude of factors that influence and impact 
children’s health in urban areas. Overcrowding, pollution, inadequate infrastructure, poor 
sanitation, and unimproved water sources may contribute to the results observed in cities with 
high UHI scores. Previous research has shown that the water and sanitation infrastructure in 
many developing nations is lacking, which increases the risk of exposure to many infectious 
diseases that have symptoms including as diarrhea, cough, and fever. Our research supports these 
findings, given that the worse child health outcomes and highest UHI scores are found in the 
developing world. Across all indexes, Europe has the lowest UHI scores and the most positive 
child health outcomes. Europe is also considered a region of “developed” nations with improved 
water and sanitation infrastructure. Malnutrition has been proven to be associated with diarrhea 
(WHO). However, our results indicate an inverse relationship between UHI-3 (diarrhea, fever, 
cough) and UHI-3.2 (stunting, nutritional deficiency, wasting). This inverse association could be 
the result of a few things. There is no way of knowing for certain when this data was collected so 
the information for UHI-3 and UHI-3.2 may represent separate measurements in time. This 
inverse association may also be attributed to the fact that the survey only includes children with 
acute episodes of diarrhea, cough, and fever (within the past 2 weeks). Diarrhea, cough, and 
fever are acute symptoms of a greater illness, whereas, stunting, nutritional deficiency (ND), and 
wasting are the result of chronic malnutrition. A recent study found that acute episodes of 
diarrhea have little to no association with long-term chronic outcomes of stunting, ND, or 
wasting (Richard et al., 2014).  
The results from this study support many previous studies that examined inter-urban 
health disparities. Although this study compares child health outcomes in different cities, we can 
clearly see that urban child health disparities do exist. Figures 1-4 provide a representation of 
health disparities both across and within the WHO regions. These health outcomes could be the 
result of a variety of multi-level factors. Poor infrastructure, the lack of access to safe water 
sources, inadequate sanitation, political instability, or decreased health expenditures could all be 
potential factors that influence these results. Despite their limited resources (low GNI), some 
cities have successfully demonstrated that they are able to meet the health care needs of their 
youth. It is important that the strategies or approaches being explored within these cities to 
address urban health be analyzed at the community level and municipal level so that they can 
potentially be applied in other locations. 
 
I. Limitations 
There are some limitations to this study involving the DHS data. Given the small number 
of countries available in some regions, such as the Western Pacific, the available data may not be 
generalizable for the entire region. Furthermore, this is a cross-sectional study and the results 
represent conditions around the time-period from which the data was collected. Therefore, a 
comparison of the data by region may not be reflective of each city’s current state of affairs 
given the time lapses. Lastly, because some countries lacked data for specific indicators, they 
were excluded from the UHI calculations. As a result, data for certain regions may be 
underrepresented in the analysis.  
II. Conclusion 
The purpose of this study was to evaluate urban child health for 58 countries using seven health 
indicators. By using standard Demographic and Health Survey (DHS) indicators and creating a 
health index, this provided a sort of framework in which child health could be assessed and 
compared by city. Based on the results from the study, the regions of Africa and Southeast Asia 
have the worst urban child health outcomes. Whereas, the Americas and Europe have the lowest 
UHI scores and more positive child health outcomes. The results from this study indicate an 
inverse relationship between UHI scores and GNI. However, there are cities that deviate from 
this relationship.  There does not appear to be an association between country-level Gini and 
UHI scores. Of all four index scores, UHI-7 likely provides the most accurate depiction of 
current child health conditions because it factors in all seven child health indicators. The scores 
for each city can be used to identify which cities have the worst child health conditions and 
require immediate attention. Using the scores from UHI-3 and UHI-3.2 can provide more insight 
into the source of the issue (bacterial infection, pollution, etc.). Future analyses need to be 
conducted to examine this association between urban health index scores and city-level Gini 
values as well as what programs or structural mechanisms are emplaced within cities with low 
GNIs that still manage to have more positive child health outcomes. 
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